OBJECTIVES
Project MISSION has the following objectives:
• Study noisy underwater environments.
• Achieve acomms through adverse channels.
• Obtain datasets for acomms channel studies and transmission security (TRANSEC) studies.
• Integrate U.S. Seaweb and Singapore Unet networks.
• Demonstrate acoustic networks in Singapore Strait. Project MISSION acquired a pair of modem-recorder instruments incorporating a digital recorder with an acoustic modem to facilitate acoustic data acquisition and in situ underwater signaling measurements. Secure Digital (SD) memory cards, electronics, and battery pack are housed in a pressure-tolerant glass sphere with a penetration for the cylindrical electroacoustic transducer. These modem-recorders are useful for performing controlled soundings of the acoustic channel. Acoustic modems in the network are commanded to transmit a suite of experimental waveforms and channel probe signals following an experimental method known as Signalex involving parametric analysis of signals and careful measurement of environmental factors. Signalex transmissions are received and recorded by the modem-recorder instruments and enable analysis of the channel scattering function and link margin. Such in situ measurements are supporting the development of physics-based propagation models, adaptive modulation, and TRANSEC. Project MISSION permits researchers to study noisy and variable acomms channels, perform collaborative studies, and conduct long-duration in situ measurements. The Seaweb Lab, Wave Glider USVs, Del Monte Lake, modem-recorders, and the pre-existing inventory of Seaweb acoustic modems and underwater sensors are providing the basis for MISSION experiments in Singapore Strait during October 2012 and November 2013. The MISSION experiments provide opportunities to test channeltolerant and channel-adaptive acoustic communications, and enable the project team to conduct controlled signaling experiments in acoustically challenging and operationally relevant littoral environments.
APPROACH
Singapore is a challenging environment for underwater communications because of irregular bathymetry, reflective coral reefs, tidal currents, shipping, and impulsive biological noise from snapping shrimp. NUS has developed underwater modems that have been optimized for performance in Singapore waters. These modems provide short-range links in a local-area network (LAN) to complement the Seaweb medium-range modems in a wide-area network (WAN 
RESULTS
Project MISSION has advanced through-water acoustic communications and networking capability with emphasis on cross-nation interoperability in noisy littoral environments. • Operated 10-node Seaweb WAN in noisy, high-current waters for duration of trial.
• Exercised linear network with 8 hops and 556-byte data packets.
• Deployed data-recording telesonar testbed as a surrogate interceptor.
• Recorded 24 hours of intensive network activity for link margin and TRANSEC analysis.
• Performed network discovery and autonomous initialization of network routes.
• Operated 5-node Unet LAN.
• Tested Unet modem software.
• Evaluated ranging performance.
• Measured variability of acomms channel (eigenray propagation and noise).
• Observed in-band ambient noise and its relationships to external factors (diurnal cycle, rain, wind, shipping, etc.). MISSION 2013, the second in the series of bilateral experiments involving NUS and NPS, extends the state of the art of underwater acoustic channel measurements, acomms, and networking. The U.S. objectives at MISSION 2013 include:
• Exercise and stress Seaweb network containing at least 10 fixed nodes.
• Demonstrate autonomous discovery, ranging, and routing.
• Exfiltrate large (4-kByte) data packets from distant source node via multi-hop route to gateway node for extended periods (overnight and weekends).
• Record acoustic network activity for TRANSEC studies.
• Optimize link-layer timers, MMP, binary and ASCII data packets, Word utility packets.
• Stress network capacity with multiple source nodes to test Neighbor-Sense Multiple Access (NSMA) collision avoidance.
• Characterize and document any instances of modem reboots.
• Obtain comprehensive networking data sets.
• Synchronize Seaweb nodes at start of test; measure clock drift at end of test.
• Log all modem comms internally.
• Log all comms at server.
• Compile comms statistics (packet size, SNR, AGC, RTS attempts, SRQ attempts, dropped packets, network latency).
• Implement NPS Seaweb and NUS Unet gateway nodes at barge.
• Co-locate Seaweb and Unet transducers on a shared frame.
• Install independent gateway node cabling, electronics, and user interfaces.
• Demonstrate USA:SIN interoperability.
• Implement Application Programming Interface (API) at topside workstations.
• Pass data packets from Singapore LAN to Seaweb WAN.
• Pass data packets from Seaweb WAN to Singapore LAN.
• Implement Seaweb server improvements.
• Exercise ASCII and binary messaging.
• Upgrade time-stamped database of network activity.
• Improve Graphical User Interface (GUI).
• Model acomms propagation using Bellhop ray physics, range-dependent bathymetry, and measured sound-speed profiles.
• Perform Signalex data collection.
• At least 10 transmit locations.
• At least 2 receive locations.
• For environmental noise studies.
• For channel multipath characterization and statistical stationarity studies.
• Updated "autobaud" command for automated transmission of standard modulations.
• Experimental waveforms (.wav files) in the 9-14 kHz band.
• For power-control studies (6.1).
• For adaptive-modulation studies (6.1).
• For TRANSEC studies (6.2).
• Test network routing involving mobile gateway.
• Use a drifting vessel with deck box and Seaweb server as a surrogate USV.
• Exploit tidal current for drifting gateway platform.
• Demonstrate cellular addressing and cell handoff as mobile gateway migrates from cell to cell.
• Single and dual gateway operations.
• Demonstrate hardware and operations to interested visitors.
The Singapore objectives at MISSION 2013 include the following:
• Study underwater noisy environments.
• Measure variability in acoustic channel using probe signals.
• Perform in situ delay-Doppler analysis.
• Achieve communications through adverse channels.
• Test link tuning algorithms & implementation.
• Integrate NPS Seaweb and NUS Unet networks.
• Demonstrate in situ environmental and surveillance sensor networks in Singapore straits.
• Test ship tracking capability of network.
• Enable distributed wireless architectures for maritime domain awareness and undersea warfare.
• Test automated network route discovery.
• Test automated network self-localization.
• Test navigation, tracking & communication to STARFISH over Unet network.
• Collect environmental data on tides, currents, waves, temperature, salinity and ambient noise.
• Environmental data collection.
• Develop shallow-water acomms model for experiment site.
• Validate acoustic modeling with experimental data.
• Develop 3D particle-tracking module to predict trajectories of mobile nodes.
• Collect data for testing of AUV motion model based on currents.
• Test energy-efficient mission planning.
• Collect current data for energy-efficient mission planning.
• Test energy efficient mission planning using STARFISH.
• Test advanced Unet algorithms, modulations and protocols.
• Test FH-BFSK performance of Unet modems.
• Collect data for sparse equalization of single carrier and multi-carrier communications.
• Test partial FFT based OFDM.
• Test network coding based broadcasts.
• Test Doppler estimation and compensation.
• Test J-ARQ performance.
• Test super TDMA implementation.
• Test remote file transfers.
• Test MACA and ALOHA-ACS performance. 
IMPACT/APPLICATIONS
Maritime Domain Awareness (MDA) and Undersea Warfare (USW) are national security imperatives that can be served by the deployment of underwater autonomous sensors and systems. Project MISSION is advancing acomms and networking technology to enable such underwater distributed wireless architectures. Project MISSION is emphasizing operations in noisy littoral environments and is fostering cross-nation interoperability.
Project MISSION concludes December 31, 2013. It leaves an unprecedented archive of acomms and underwater networking data for use in future studies of channel variability, adaptive modulation, TRANSEC, and the effective application of acoustic communications networking to achieve distributed underwater systems. Moreover, direct participation in these experiments has significantly advanced the state of art of U.S. Seaweb and Singapore Unet underwater networked communications. • This project incorporates products of SBIR topics N93-170 (telesonar modems), N97-170 (telesonar networking), N99-011 (telesonar directional transducer), N03-224 (telesonar modem), N05-077 (Gatekeeper station-keeping gateway buoy), and SOCOM06-013 (through-modem sensor).
TRANSITIONS

